Enhancing the optical properties of glasses for the sake of optical application in various fields is an ongoing challenge in materials science and technology. Thus, the optical properties of zinc borotellurite glass doped with lanthanum oxide nanoparticles (La 2 O 3 NPs) with the chemical composition of
Introduction
Glasses doped with rare earth element are materials with high potential to be applied in many fields including optical fibers, amplifiers, laser wave guides, and magneto-optical devices [1] . The properties of oxide glasses strongly rely on the composition and local structure of the glass structure [2] . Lately, in pursuance of synthesizing fiber optics with better linear and nonlinear optical properties, tellurite based glass doped with rare earth element has been extensively studied. Tellurite glasses become the best candidate to be used to synthesize photonics devices because of its low melting temperature, good thermal stability, low phonon energy, and high linear and nonlinear refractive index [3] [4] [5] .
Meanwhile, boron oxide is an excellent glass former that owns the ability to exist in both three and four coordinated environments, has high strength of covalent B-O bond, is able to form stable glasses, and has high potential to be designed as new optical devices because of their good rare earth ions solubility [6, 7] . Zinc oxide is added in the glass matrix to increase glass forming ability and to ensure low rates of crystallization in the glass system [8] .
Lanthanum oxide on the other hand has a band gap value of 4.3 eV and a hexagonal crystal structure and is used in various fields such as in optoelectronic devices and as dopant in camera glass lens to enhance sharpness and to improve clarity of the image. Other than that, lanthanum oxide is used to produce a ceramic superconductor in which the magnetic properties of the lanthanum containing ceramic superconductor could be modified by only inducing light [9] . Extraordinary properties of rare earth ions due to the optical transitions in the intra-4f shell have made rare earth ion a popular dopant in various glass systems [10] . According to Vajtai, when lanthanide nanocrystals is incorporated and well distributed in a glass system, optical properties of the material will undergo some changes due to the synergy between the lanthanide crystal and glass components [11] . The objectives for doping rare earth ions and nanosized rare earth ions are to explore and understand the local structural variations that occurred due to the addition of dopant in the host glasses.
Based on previous researches done by Halimah et al., Azlan et al., and Hajer et al., when zinc borotellurite glass is doped with rare earth ions with 4f electrons such as erbium, erbium nanoparticles, samarium, and samarium nanoparticles, the optical properties of the samples were proven to be improved where the optical band gap has a decreasing trend while refractive index values increase [12] [13] [14] [15] [16] . In this research, lanthanum, that is, the only element in the lanthanide group that does not have any 4f electron, is studied to determine whether lanthanum also possess the same extraordinary properties as other lanthanide elements that own 4f electrons.
The study of the optical properties of a glass is an essential prerequisite in order to attain high quality optical systems. The application of zinc borotellurite glass doped with La 2 O 3 NPs in optoelectronic and photonic field can only be ascertained by fully understanding the behavior of La 2 O 3 NPs ions in a glassy matrix through a planned research. ) were weighed using a digital weighing machine with an accuracy of ±0.0001 g and were placed in an alumina crucible. After stirring the chemical mixture using a glass rod for 30 minutes, the crucible was transferred to an electrical furnace for preheating process at 400 ∘ C for a period of 1 hour in order to remove excess water molecule in the chemical mixture [17] .
Experimental Procedure
Next, the crucible was moved to second furnace with the temperature 900 ∘ C for 2 hours to undergo melting process. A stainless steel mould was placed in the first furnace to be preheated to reduce the possibility of glass cracking due to mechanical stress as the glass was casted [18] . After 2 hours of melting process, the melt was casted into the preheated mould and immediately transferred to the first furnace to be annealed for 1 hour at 400 ∘ C. The purpose of annealing process is to remove air bubbles and to eliminate the stress present in the glass system [19] . Finally, glass sample was left in the furnace to be cooled after the furnace is switched off.
For the physical properties of prepared glass samples, density measurement is done at room temperature by using distilled water as the immersion liquid while molar volume values are calculated from the density results. For structural properties characterization techniques, bulk glass samples were crushed and grinded in order to obtain fine powder. For XRD testing, the fine powder was placed on the aluminum holder in the X'PERT PRO PW304 with Cu K 1 radiation which was controlled by a computer system. The instrument was connected to a computer in order to generate the XRD pattern and also to record data at 2 angles in the range of 80 at room temperature to obtain the FTIR spectra.
For optical properties characterization technique, the fabricated glasses were cut by utilizing Isomet Buehler low speed saw machine and both sides of the surface of the glass samples were polished by using silicon carbide paper of different grid. Bulk glass sample that has been polished on both sides with thickness ∼2 mm was placed in the sample holder of UV-1650PC UV-Vis Spectrophotometer (Shimadzu). The light source from Xenon light flash was used for characterization process where the optical absorption spectra in the range of 220 to 2600 nm were recorded by the computer system connected to the instrument.
In order to prove the existence of La NPs in the glass system, sample with 0.03 molar fraction of La NPs was sent for Transmission Electron Microscope (TEM) LEO 912AB. Fine powder form of fabricated glass sample was dispersed uniformly in acetone solution and transferred on the sample holder of the instrument. The scanning process to retrieve TEM images was controlled by the computer connected to the instrument.
Result and Discussions

Transmittance Electron Microscope (TEM)
. By using TEM, the existence of La 2 O 3 NPs inside the glass matrix can be proven. TEM image of the La 2 O 3 NPs in the glass matrix was revealed in Figure 1 .
The average size of high purity raw La 2 O 3 NPs powder ranges from 15 to 30 nm while the size of La 2 O 3 NPs after it was incorporated in the glass matrix is 30.39 nm. Clustering and growth of nanoparticles that occur as a result of annealing Journal of Nanomaterials Position, 2 ( ∘ )
the glass sample close to or higher than transition temperature ( ) [20] have led to the increment of size of La 2 O 3 NPs.
X-Ray Diffraction (XRD).
Nondestructive characterization technique, x-ray diffraction (XRD), has been extensively used in order to determine the crystallinity, crystal structures, and lattice constants of nanoparticles and thin film [20] . Figure 2 depicted the x-ray diffraction pattern for the prepared glass samples.
From Figure 2 , the presence of a broad hump indicates that the fabricated samples do not have long range periodic lattice arrangement. The absence of sharp lines and peaks revealed that the samples are amorphous in nature. Since glasses do not have uniformly spaced planes of atoms, thus no sharp diffraction pattern will be observed in the diffraction pattern [21] .
Fourier Transform Infrared Spectroscopy (FTIR).
Numerous tools have been utilized to characterize the glassy state and to illustrate the structure of a material, for instance, the vibrational spectroscopy [22] . Electromagnetic radiation that interacts with vibrational excitation will affect the transmission or scattering of light, thus making the use of infrared spectroscopy as a vibrational probe possible [23] . FTIR spectra for the fabricated glass samples are revealed in Figure 3 while band assignment is summarized and listed in Table 1 .
The FTIR transmission spectra consist of two broad absorption bands at 1230-1236 cm −1 and 638-644 cm −1 while a small shoulder that lies between 993 and 996 cm −1 only appeared in 0.04 and 0.05 molar fraction of La 2 O 3 NPs.
Vibration mode of boron oxide consists of asymmetric stretching vibration of the B-O bonds in BO 3 units that develop at 1200-1600 cm −1 and B-O bond stretching of the tetrahedral BO 4 units that lie from 800 to 1200 cm −1 [24] . Meanwhile, tellurite oxide can be divided into two types of structural configuration units that are trigonal bipyramid, 
where air is the weight of glass sample in air, is the volume of glass sample, and MW is the molecular weight of the glass sample.
The measured and calculated density and molar volume values are listed in Table 2 and depicted in Figure 4 . La 3+ ions with bigger atomic mass that replaced small atomic mass B
3+
ions in the glass network are attributed to the increasing of density values of the samples [26] . According to the pioneering work of Wang et al. [29] , when rare earth oxides are incorporated in the studied [29] . According to Doweidar and Saddeek [30] , La 2 O 3 contribute to the expansion of the glass network and thus increase the molar volume. Increment in molar volume indicates the increasing free space throughout the glass structure [24] . At 0.03 molar fraction of La 2 O 3 NPs, the decrement of molar volume value is the result of inverse relationship between density and molar volume [31] and formation of nonbridging oxygen in the glass system.
Optical Absorption.
The study of the optical absorption is able to grant important info about the optically induced transitions, band structure, and energy gap of a material [32] . For a crystalline material, the absorption edge will be very sharp whereas in an amorphous material the fundamental absorption edge will has a finite slope [33] . Figure 5 illustrates the optical absorption spectra of the glass samples in the ultraviolet region. As seen in Figure 5 , the absence of sharp absorption edge validates the glassy state of the prepared samples. Meanwhile, the shifting of the fundamental absorption edge towards shorter wavelength occurs because of the increasing field strength of the La 3+ ion as La 2 O 3 NPs concentration increases in the glass system [34] .
Optical Band Gap.
In amorphous material, optical transitions that take place at the fundamental absorption edge are separated into two types, that is, direct transitions where the momentum of the electron is conserved and indirect transitions in which the cooperation from a phonon is necessary [35] . The optical band gap values are calculated via Mott and Davis relation that connects the absorption coefficient with incident photon energy [36] :
where is a constant which is energy-independent and is known as the band-tailing parameter and ℏ represent the incident photon energy while constant depends on the type of transition ( = 2 for indirect transition and = 1/2 for direct transition). Equation (3) is readjusted to represent direct energy band gap equation in (4) and indirect energy band gap equation in (5).
The computed direct and indirect energy band gap values are shown in Table 3 and plotted in Figure 6 . Graphs were plotted based on (4) and (5) in order to see whether optical data on the sample glasses fit better to direct or indirect band gap formula. It is already well known that amorphous materials have a reasonable fit to equation for indirect band gap [37] . The presence of bridging oxygen in the glassy network is attributed to the increment of values [38] . Hence, the incorporation of La 2 O 3 NPs into the glass network has made it harder for the electrons to move within the fabricated materials [39] . The drastic decrement of energy band gap value may result from a significant structural change that occurred in the glass system at glass sample with 0.03 molar fraction of La 2 O 3 NPs [40] .
Urbach Energy.
In an amorphous material, short range of periodic lattice arrangement is linked to the tailing of the density of states into the forbidden energy band [41] . The width of band tails, also known as Urbach energy (Δ ), originated from electron transition between localized states [42] . Urbach energy is a measure of defects concentration and the degree of disorder in amorphous solids where materials with higher value of Δ will have higher chances to transform weak bonds into defects [33] . Δ are expressed by the following equation:
where is a constant, ℏ is photon energy, and ( ) is the absorption coefficient. Urbach energy (Δ ) values are determined from the slopes of linear regions of the plots ln versus ℏ [43] . Calculated and acquired Δ values are revealed in Figure 7 . From Figure 7 , decreasing trend of Δ can be observed as content of La 2 O 3 NPs in the glass system increases. The decreasing pattern of Δ is associated with decreasing number of defects in the glass matrix [44] . Defects that occur within the glass network, for instance, increasing number of nonbridging oxygen and cation-anion vacancy pair, might be the reason behind the increment of Δ value at 0.03 molar fraction of La 2 O 3 NPs [45] .
Refractive
Index. The propagation of electromagnetic wave was influenced by optical constant of the materials like refractive index ( ), extinction coefficient, and others [46] . The relationship between and opt was established by the following equation [47] :
where opt represent the indirect band gap values. Figure 8 demonstrates the plot of refractive index values versus the variation in molar fraction of La 2 O 3 NPs while the exact values of refractive index are given in Table 4 . Refractive index can be correlated and clarified through the formation of bridging and nonbridging oxygen in a material.
In this research, as amount of La 2 O 3 NPs increases, the presence of low polarizability bridging oxygen in the glass network had led to the decreasing trend of refractive index. Meanwhile, structural change that occurs in 0.03 NPs resulted in drastic formation of nonbridging oxygen. Since nonbridging oxygen generates more ionic bonds and they manifest themselves in a larger polarizability over the mostly covalent bonds of bridging oxygen, thus a higher value of refractive index value is recorded when the amount of nonbridging oxygen is more than bridging oxygen in the material [48] . From the result, zinc borotellurite glass doped with lanthanum nanoparticles has higher refractive index values when compared to the pure silicate glass which is widely used as fiber material in the industry.
Conclusion
Zinc borotellurite glasses doped with lanthanum oxide nanoparticles have been successfully fabricated. The structural, physical, and optical properties of the prepared samples were investigated and reported in detail. The presence of lanthanum oxide nanoparticles in the glass matrix was verified through TEM. The amorphous nature of the samples was proven by the presence of broad hump in XRD diffraction pattern. Optical energy band gap values increases with refractive index decrease are due to the increasing amount of low polarizable bridging oxygen with the increment of La 2 O 3 NPs content. The decreasing pattern for Urbach energy value indicates that the fabricated glasses were becoming less fragile. Variation of pattern in 0.03 molar fraction of La 2 O 3 NPs for molar volume, energy band gap, Urbach energy, and refractive index is due to structural change in the glass system that leads to more creation of nonbridging oxygen and can be further confirmed through FTIR spectroscopy. The most essential optical parameter, the refractive index, values of the prepared glass obtained are higher than the pure tellurite glass and the common fiber material, pure silicate glass. This suggests that zinc borotellurite glass doped with lanthanum nanoparticles is a promising material for fabricating optical fiber as well as application in the optoelectronic and photonic field. Optical parameters for zinc borotellurite glasses doped with La 2 O 3 NPs attained from this research would be important and come in handy in the process of designing rare earth containing optical functional glasses and optoelectronic devices in the future.
Conflicts of Interest
The authors declare that there are no conflicts of interest regarding the publication of this paper.
